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e{encug+0"Yg"cuuguugf" vjg" in vivo" ghhgevu"qh"cnvgtkpi"ugxgp"jkijn{"eqpugtxgf" tgukfwgu"ykvjkp"[eh76."
yjkej" ku" tgswktgf" hqt"OiROG/e{encug" cevkxkv{" kp" vjg" e{cpqdcevgtkwo" Synechocystis0"Synechocystis"
uvtckpu"jctdqwtkpi"vjg"[eh76"cnvgtcvkqpu"F5;C."H62C"cpf"T:4C"ygtg"dnqemgf"vq"xct{kpi"fgitggu"cv"
vjg"OiROG/e{encug"uvgr."yjgtgcu" vjg"C;I"owvcvkqp" tgfwegf"[eh76" ngxgnu"d{"\97'0"YV"ngxgnu"qh"
vjg"e{encug"uwdwpkv"E{eK"ctg"rtgugpv"kp"uvtckpu"ykvj"F5;C"cpf"H62C."dwv"vjgug"uvtckpu"jcxg"tgfwegf"
egnnwnct"ejnqtqrj{nn"cpf"rjqvqu{uvgo"ceewowncvkqp0"E{eK"ku"tgfwegf"d{"\72'"kp"C;I"cpf"T:4C."dwv"
C;I" jcu" pq" rgtvwtdcvkqpu" kp" ejnqtqrj{nn" qt" rjqvqu{uvgo" ceewowncvkqp."yjknuv"T:4C" eqpvckpu" xgt{"
nkvvng" ejnqtqrj{nn" cpf" hgy" rjqvqu{uvgou0" Yjgp" HNCI/vciigf" cpf" wugf" cu" dckv" kp" rwnnfqyp"
gzrgtkogpvu" vjg" vjtgg" owvcpvu" F5;C." H62C" cpf" T:4C"ygtg" wpcdng" vq" kpvgtcev" ykvj" vjg"OiROG/















Ejnqtqrj{nn." [eh76." rjqvqu{pvjguku." qzkfcvkxg" e{encug." Oi/rtqvqrqtrj{tkp" KZ"
oqpqogvj{nguvgt"e{encug."Synechocystis"
Cddtgxkcvkqpu""
5/hqto{n/OiROG." 5/hqto{n/ocipgukwo/rtqvqrqtrj{tkp" KZ" oqpqogvj{nguvgt=" Ejn."
Ejnqtqrj{nn=" Ejnkfg." Ejnqtqrj{nnkfg=" EjnI." Ejnqtqrj{nn" u{pvjcug=" EjnO." Oi/rtqvqrqtrj{tkp"
ogvj{nvtcpuhgtcug=" Eo." Ejnqtcorjgpkeqn=" FXT." Fkxkp{ntgfwevcug=" OiROG." Ocipgukwo/
rtqvqrqtrj{tkp" KZ" oqpqogvj{nguvgt=" OiROG/e{encug." Ocipgukwo/rtqvqrqtrj{tkp" KZ"
oqpqogvj{nguvgt" *qzkfcvkxg+" e{encug=" Rejnkfg." Rtqvqejnqtqrj{nnkfg=" RQT." Rtqvqejnqtqrj{nnkfg"
qzkfqtgfwevcug=" TV/RET." tgxgtug" vtcpuetkrvkqp" rqn{ogtcug" ejckp" tgcevkqp=" Synechocystis,"





Rjqvqu{pvjguku" ku" fgrgpfgpv" qp" ejnqtqrj{nnu" *Ejnu+." vjg" oquv" cdwpfcpv" nkijv/cduqtdkpi"
rkiogpvu" qp" Gctvj0" Cnn" Ejnu" ctg" oqfkhkgf" vgvtcr{ttqng" oqngewngu" fkuvkpiwkujgf" d{" vjgkt" egpvtcnn{"
ejgncvgf"ocipgukwo" kqp" cpf" kuqe{enke" G" qt" hkhvj" tkpi0" Kp" qz{igpke" rjqvqu{pvjgvke" qticpkuou"Ejnu."
jcgou"cpf"dknkpu"ujctg"vjg"ucog"dkqu{pvjguku"rcvjyc{"wr"vq"rtqvqrqtrj{tkp"KZ0"Cv"vjku"dtcpej/rqkpv."
vjg" cevkqp" qh" qpg" qh" vyq" ejgncvcugu." Oi/ejgncvcug" qt" hgttqejgncvcug." fgvgtokpgu" yjgvjgt"
rtqvqrqtrj{tkp"KZ"ku"fktgevgf"vqyctfu"vjg"Ejn"qt"vjg"jcgo"dkqu{pvjguku"rcvjyc{u0"Ejn"dkqu{pvjguku"ku"
kpkvkcvgf" d{" kpugtvkqp" qh" c"ocipgukwo" kqp" kpvq" rtqvqrqtrj{tkp" KZ" d{"Oi/ejgncvcug" igpgtcvkpi"Oi/
rtqvqrqtrj{tkp" KZ." yjkej" ku" eqpxgtvgf" d{" Oi/rtqvqrqtrj{tkp" ogvj{nvtcpuhgtcug" *EjnO+" vq" Oi/
rtqvqrqtrj{tkp" KZ" oqpqogvj{nguvgt" *OiROG+0" Oi/rtqvqrqtrj{tkp" KZ" oqpqogvj{nguvgt" e{encug"
*OiROG/e{encug+"ecvcn{ugu"hqtocvkqp"qh"vjg"kuqe{enke"G"tkpi"d{"e{enkukpi"vjg"ogvj{n/rtqrkqpcvg"ukfg/
ejckp" cv" E/35" vq" vjg" E/37" dtkfig" ectdqp" dgvyggp" tkpiu" E" cpf" F." igpgtcvkpi" rtqvqejnqtqrj{nnkfg"
*Rejnkfg+" *Hkiwtg" 3+0" Vjg" nkijv/cevkxcvgf" gp¦{og"Rejnkfg" qzkfqtgfwevcug" *RQT+" tgfwegu"Rejnkfg" vq"
ejnqtqrj{nnkfg" *Ejnkfg+." vq" yjkej" c" rqn{kuqrtgpg" vckn" ku" cvvcejgf" d{" Ejn/u{pvjcug" *EjnI+0" " Vjku"
rtqfwegu"Ejn"a."uq"eqpenwfkpi"vjg"Ejn"dkqu{pvjguku"rcvjyc{"*3."4+0"
Ugxgtcn" gp¦{ogu" kpxqnxgf" kp" vjg"Ejn"dkqu{pvjguku"rcvjyc{"jcxg"dggp"ejctcevgtkugf" kp"fgvckn."
jqygxgt." vjg" OiROG/e{encug" tgockpu" c" pqvcdng" gzegrvkqp0" Dkqejgokecn" cpcn{ugu" qh" vjku" gp¦{og"
jcxg" dggp" nkokvgf" vq" cuuc{u" wukpi" gzvtcevu" htqo" ewewodgt" ejnqtqrncuvu" *5/9+." yjgcv" gvkqrncuvu" *:+."
dctng{" rncuvkfu" *;+." Chlamydomonas reinhardtii" cpf" Synechocystis" sp" REE8:25" *jgtgchvgt"
Synechocystis+"*32+0"Rctvkcn"rwtkhkecvkqp"qh"vjg"OiROG/e{encug"eqorngz"htqo"vjgug"gzvtcevu"ujqygf"
vjcv"vjg"gp¦{og"eqpvckpu"cv"ngcuv"qpg"ogodtcpg/dqwpf"cpf"qpg"uqnwdng"rtqvgkp"*5.";."32+0"Qpg"qh"vjg"
uwdwpkvu" ycu" kfgpvkhkgf" yjgp" kpcevkxcvkqp" qh" vjg" acsF" *cgtqdke" e{enkucvkqp" u{uvgo" Hg/eqpvckpkpi"
rtqvgkp+"igpg" kp"Rubrivivax gelatinosus" tguwnvgf" kp"OiROG"ceewowncvkqp"wpfgt" cgtqdke" eqpfkvkqpu"
*33+0" Uwdugswgpvn{." acsF" jqoqnqiwgu" ygtg" hqwpf" kp" ocp{" qz{igpke/rjqvqu{pvjgvke" qticpkuou"
kpenwfkpi" Chlamydomonas reinhardtii" *Crd1" cpf" Cth1+" *34+." Arabidopsis thaliana" *Chl27+" *35+."






qh" vjg"OiROG/e{encug" *39/3;+0" "[eh76"ycu" hqwpf" vq" kpvgtcev"ykvj" vjg"acsF" jqoqnqiwgu" cycI" cpf"
cycII" kp" Synechocystis" fwtkpi" rwnnfqyp" gzrgtkogpvu" cpf" EJN49" kp" Arabidopsis" kp" dkqoqngewnct"





ygtg" pqv" kfgpvkhkgf" cu" fkhhgtgpvkcnn{" gzrtguugf" wpfgt" tgfwegf" qt" tgrngvg" eqrrgt" eqpfkvkqpu" kp"
Synechocystis" *44+0" Vjwu." vjg" tqng" qh"[eh76" ku" wpengct" cpf" kpfggf" rjqvqjgvgtqvtqrjke" dcevgtkc" vjcv"
eqpvckp" cp" CeuH/v{rg" e{encug" uwej" cu" Rubrivivax gelatinosus" fq" pqv" crrgct" vq" eqpvckp" c" [eh76"
jqoqnqiwg." dtkpikpi" kpvq" swguvkqp" vjg" guugpvkcn" pcvwtg" qh" [eh76" cu" c" eqorqpgpv" qh" vjg"Oi/ROG"
e{encug0"
Vjg"rtgugpv"uvwf{"kpxguvkicvgu"yjgvjgt"[eh76"ku"cp"guugpvkcn"eqorqpgpv"qh"vjg"OiROG/e{encug"
kp"qz{igpke"rjqvqu{pvjgvke"qticpkuou."qt" kh" vjku"rtqvgkp" ku"tgswktgf"hqt"uvcdknkv{"qh" vjg"CeuH"uwdwpkv"
cpf"eqpugswgpvn{"OiROG/e{encug"cevkxkv{0"Ugxgp"jkijn{"eqpugtxgf"tgukfwgu"ykvjkp"vjg"[eh76"eqfkpi"
tgikqp"ygtg" kfgpvkhkgf." u{uvgocvkecnn{"owvcvgf" in vivo" cpf" vjgkt" ghhgev" qp"OiROG" e{encug" cevkxkv{"
fgvgtokpgf0" Fgrqukvgf" kp" vjg" RFD" ctg" vyq" uvtwevwtgu" hqt" [eh76" jqoqnqiwgu" htqo"
Thermosynechococcus elongatus"*RFD"5J¥G+"cpf"Nostoc ur0"*RFD"5LUT+0"Jqygxgt."cu"pq"yqtm"jcu"
dggp"rgthqtogf"tgncvkpi"vjg"uvtwevwtg"cpf"hwpevkqp"qh"[eh76."yg"cnuq"uqnxgf"vjg"et{uvcn"uvtwevwtgu"qh"
Synechocystis" YV" [eh76" cpf" vyq" [eh76" owvcpvu" *C;I" cpf" T:4C+." dqvj" qh" yjkej" fkurnc{gf" c"
rjgpqv{rg"in vivo0"Vqigvjgt."vjg"Synechocystis"[eh76 rqkpv"owvcpvu"cpf"c"ugtkgu"qh"in vivo"rwnn/fqyp"







Synechocystis" uvtckpu"ygtg"itqyp"cgtqdkecnn{" kp"cp" knnwokpcvgf"ujcmgt" cv"52̇E."wpfgt"pqtocn"
*72"-oqn"rjqvqpu"o/4"u/3+"qt"nqy"nkijv"eqpfkvkqpu"*6"-oqn"rjqvqpu"o/4"u/3+"kp"nkswkf"DI/33"*45+"ogfkc"
uwrrngogpvgf"ykvj"32"oO"VGU"*rJ":04+"cpf"7"oO"inwequg0"
E. coli" DN43" rLysU" *46+" uvtckpu"ygtg" vtcpuhqtogf"ykvj" vjg" rGV36d" rncuokf" ygtg" itqyp" kp"
uwrgt"Nwtkc/Dgtvcpk"ogfkc."uwrrngogpvgf"ykvj"72"-i"on/3"corkeknnkp"cpf"56"-i"on/3"ejnqtcorjgpkeqn"
*Eo+0" Tgeqodkpcpv" rtqvgkpu" ygtg" rtqfwegf" d{" qxgt/gzrtguukqp" hqt" 46" jqwtu" cv" 4:̇E" ykvj" tqvct{"
ujcmkpi="pq"kpfwevkqp"ycu"tgswktgf0"
Enqpkpi"cpf"ukvg/fktgevgf"owvcigpguku"
Vjg" ycf54" igpg" ycu" cornkhkgf" d{" RET." wukpi" vjg" rtkogtu" ycf54 H" cpf" ycf54" T." htqo"
Synechocystis"igpqoke"FPC"cpf"enqpgf" kpvq" vjg"rGV36d"rncuokf"uq"cu" vq" kpvtqfweg"cp"P/vgtokpcn"
Jku8/vci0"Vjg"C;I"cpf"T:4C"rqkpv"owvcvkqpu"ygtg"kpvtqfwegf"wukpi"vjg"Uvtcvcigpg"SwkmEjcpig̶"mkv."
ykvj"vjg"rtkogtu<"Cnc;In{"H."Cnc;In{"T."Cti:4Cnc"H"cpf"Cti:4Cnc"T0"
Rncuokf" rRO/ycf54" *Uwrrngogpvct{" Hkiwtg" U3+." ycu" eqpuvtwevgf" d{" cornkh{kpi" vjg" ycf54"
igpg"ykvj"vjg"tgikqp"522"dr"fktgevn{"wruvtgco"*wukpi"rtkogtu"ycf54"WU"H"cpf"ycf54"WU"T+."cpf"vjg"
tgikqp"722"dr"fktgevn{"fqypuvtgco"*wukpi"rtkogtu"ycf54"FU"H"cpf"ycf54"FU"T+"qh"ycf540"Vjgug"vyq"
htciogpvu"ygtg" nkicvgf" kpvq" rGV5c." uq" cu" vq" hncpm" c" ejnqtcorjgpkeqn" tgukuvcpeg" ecuugvvg" *cornkhkgf"
ykvj" rtkogtu"CmR H cpf"CmR T+" kpugtvgf" cv" vjg" ownvkrng" enqpkpi" ukvg0" Vjg" rqkpv" owvcvkqpu<"C;I."
H35C."G44C."G48C."F5;C."H62C."T:4C"ygtg"kpugtvgf"wukpi"vjg"Uvtcvcigpg"SwkmEjcpig̶"mkv."ykvj"
vjg" rtkogtu" nkuvgf" kp" Uwrrngogpvct{" Vcdng" U40" Vjg" rRO/{eh76" rncuokf" ycu" vtcpuhqtogf" kpvq" vjg"
〉unt39:2"U{pgejqe{uvku"uvtckp"cpf"vtcpuhqtocpvu"ygtg"ugngevgf"qp"DI/33"cict"rncvgu"eqpvckpkpi"32"たi"




Vjg" rRF/HNCI/[eh76" rncuokf" ycu" eqpuvtwevgf" cu" fguetkdgf" kp" *3;+" cpf" vjg" C;I." F5;C."
H62C"cpf"T:4C"rqkpv"owvcvkqpu"kpugtvgf"wukpi"vjg"Uvtcvcigpg"SwkmEjcpig̶"mkv0"Vjg"rncuokfu"ygtg"




htqo" vjg" egnn" rgnngvu." chvgt" ycujkpi" kp" fkuvknngf" J4Q." d{" cffkpi" 32" xqnwogu" qh" 204'" cooqpkc" kp"
ogvjcpqn." xqtvgz/okzkpi" hqt" 52"u" cpf" kpewdcvkpi" qp" keg" hqt" 42"okp0" Vjg" gzvtcevu"ygtg" enctkhkgf" d{"
egpvtkhwicvkqp" *37222" g"hqt" 7"okp" cv" 6̇E+" cpf" vjg" uwrgtpcvcpvu" ygtg" koogfkcvgn{" cpcn{ugf" qp" cp"
Cikngpv" 3422"JRNE" u{uvgo0" Vjg" Ejn" eqpvgpv" ycu" ecnewncvgf" htqo" urgevtqrjqvqogvtke" fcvc" d{" vjg"
ogvjqf"qh"Rqttc"gv"cn0"*47+0""
Ejn" rtgewtuqt" rkiogpvu" ygtg" ugrctcvgf" qp" c" Rjgpqogpgz" Cswc" E3:" tgxgtug/rjcug" eqnwop"
]7"たO"rctvkeng"uk¦g."347"|"*3"|?203"po+"rqtg"uk¦g."472"oo'608"oo_."wukpi"c"ogvjqf"oqfkhkgf"htqo"
vjcv"qh"Uqdqvmc"gv"cn0"*48+0"Uqnxgpvu"C"cpf"D"ygtg"572"oO"cooqpkwo"cegvcvg"cpf"52"'"ogvjcpqn"





dwhhgt" *72" oO" Vtku" rJ" 906." 722" oO" PcEn." 32" oO" Kokfc¦qng+" eqpvckpkpi" GFVC/htgg" rtqvgcug"
kpjkdkvqt" vcdngvu" *Tqejg+." cpf" vjg" egnnu" fkutwrvgf" qp" keg" d{" uqpkecvkqp0" Vjg" n{ucvg"ycu" enctkhkgf" d{"
egpvtkhwicvkqp" cv" 62." 222"z"g" hqt" 52"okpwvgu" cv" 6̇E0"Vjg" uqnwdng" htcevkqp"ycu" crrnkgf" vq"Ejgncvkpi"
Ugrjctqug" HcuvHnqy" tgukp" *IG"Jgcnvjectg+" gswknkdtcvgf"ykvj"PkUQ60" Vjg" eqnwop"ycu"ycujgf" hktuv"
ykvj"dkpfkpi"dwhhgt."vjgp"c"72"oO"kokfc¦qng"ycuj."hqnnqygf"d{"c"322"oO"kokfc¦qng"ycuj"cpf"gnwvgf"
ykvj"722"oO"kokfc¦qng0"Vjg"gnwvgf"rtqvgkpu"ygtg"dwhhgt"gzejcpigf"kpvq"RDU"cpf"vjg"P/vgtokpcn"Jku8"
vci" ycu" tgoqxgf" d{" engcxkpi" ykvj" Vjtqodkp" :2" W" on/3" *IG" Jgcnvjectg+" cv" tqqo" vgorgtcvwtg"
9"
"
qxgtpkijv0" Vjg" ucorng" ycu" tg/crrnkgf" cpf" ycujgf" vjtqwij" vjg" Ejgncvkpi" Ugrjctqug" tgukp" cpf" vjg"
engcxgf" rtqvgkp" ycu" dwhhgt" gzejcpigf" kpvq" 322" oO" PcJEQ5." rJ" :05." 72" oO" PcEn" dwhhgt" cpf"
eqpegpvtcvgf"vq"32"oi"on/3"hqt"et{uvcnnkucvkqp0"
HNCI/rwnnfqyp" gzrgtkogpvu" ygtg" rgthqtogf" qp" uqnwdknkugf" vj{ncmqkf" ogodtcpgu" rtgrctgf"
htqo"egnnu"jctxguvgf"htqo":N"egnn"ewnvwtg"cu"fguetkdgf"kp"*3;+0""
99"M"nqy"vgorgtcvwtg"hnwqtguegpeg"urgevtqueqr{"
Ewnvwtgu." rgnngvgf" kp"okf/gzrqpgpvkcn" rjcug."ygtg" tg/uwurgpfgf" kp" :2"'" in{egtqn" *x1x+" vq" cp"
QF750" ?2030" WX/XU" hnwqtguegpeg" urgevtqueqr{" ycu" rgthqtogf" kp" c" URGZ" Hnwqtqnqi"
urgevtqhnwqtqogvgt"*URGZ"Kpfwuvtkgu"Kpe0+"ykvj"c"zgpqp"nkijv"uqwteg0"Egnn"uwurgpukqpu"ygtg"eqqngf"vq"






on/3+" ygtg" uqnwdknkugf" d{" vjg" cffkvkqp" qh" p/fqfge{n/く/F/ocnvqukfg" vq" c" hkpcn" eqpegpvtcvkqp" qh" 4"'"
*x1x+0"
Vq"cuuguu"rtqvgkp"ngxgnu"d{"koowpqfgvgevkqp."vjg"rtqvgkp"eqpvgpv"qh"U{pgejqe{uvku"n{ucvgu"ycu"
swcpvkhkgf" urgevtqueqrkecnn{" *4:+." ugrctcvgf" d{" UFU/RCIG" *Pqxcigp+" cpf" vtcpuhgttgf" vq" c"
pkvtqegnnwnqug"ogodtcpg0"Vjg"ogodtcpgu"ygtg"rtqdgf"ykvj"urgekhke"rtkoct{"cpvkdqfkgu"cpf"vjgp"ykvj"









Rwtkhkgf"[eh76"cpf" vjg"owvcpv"fgtkxcvkxgu"ygtg"uetggpgf"hqt"et{uvcn" hqtocvkqp"gornq{kpi" vjg"








tguqnwvkqpu"qh"305"|."307"|"cpf"404"|." tgurgevkxgn{" *Vcdng"3+0"Vjg"fcvc"ygtg" kpvgitcvgf"cpf"uecngf"
wukpi"vjg"Zkc4"rtqitcoog"*52+"cpf"vjg"uvtwevwtgu"ygtg"fgvgtokpgf"d{"oqngewnct"tgrncegogpv"wukpi"
Rjcugt" *53+" htqo" vjg" EER6" rcemcig" *54+" ykvj" vjg" [eh76" uvtwevwtg" htqo" Thermosynechococcus 
elongatus"*5J¥G+"cu"vjg"ugctej"oqfgn0"Vjg"YV"cpf"C;I"[eh76"et{uvcnu"ygtg"kp"urceg"itqwr"E4443."
ykvj" qpg" oqpqogt" kp" vjg" cu{oogvtke" wpkv." yjgtgcu" vjg" T:4C" [eh76" et{uvcn" ycu" kp" urceg" itqwr"
R434343"cpf"eqpvckpgf"hqwt"oqpqogtu"kp"vjg"cu{oogvtke"wpkv0"Tghoce7"*55+"cpf"Eqqv"*56+"ygtg"wugf"
hqt" tgdwknfkpi" cpf" tghkpgogpv." ykvj" uvtwevwtg" xcnkfcvkqp" rgthqtogf" kp" Oqnrtqdkv{" *57+0" Vjg" hkpcn"
oqfgnu" hqt" gcej" uvtwevwtg" eqpvckp" cnn" cvqou" hqt" tgukfwgu" 3/328=" vjg" T" hcevqt" cpf" T" htgg" hqt" gcej"
uvtwevwtg"ctg"2037."203:"*YV+="203:."2046"*C;I+"cpf"2043."2047"*T:4C+"*Vcdng"3+0"Vjg"vjtgg"uvtwevwtgu"






[eh76" jqoqnqiwgu" htqo" c" fkxgtug" tcpig" qh" rjqvqu{pvjgvke" qticpkuou" ygtg" kfgpvkhkgf" xkc" c"
DNCUV"ugctej"cpf"cnkipgf"wukpi"EnwuvcnY4"*Hkiwtg"4+."tgxgcnkpi"c"eqpugtxgf"eqtg"fqockp"qh"pkpgv{"




hqtocvkqp."yg"igpgtcvgf" c" ugtkgu" qh"Synechocystis" uvtckpu" vjcv" gzrtguu" vjg" pcvkxg"ycf54" igpg"ykvj" c"
rqkpv"owvcvkqp"uwduvkvwvkpi"gcej"qpg"qh"vjg"ugxgp"eqpugtxgf"tgukfwgu"hqt"cp"cncpkpg."qt"kp"vjg"ecug"qh"
C;." c" in{ekpg" *Uwrrngogpvct{" Hkiwtg" U3+0" Hwnn" ugitgicvkqp" qh" gcej" qh" vjg" ycf54" rqkpv" owvcvkqp"
uvtckpu" ycu" eqphktogf" d{" RET" cornkhkecvkqp" qh" vjg" ycf54" tgikqp" *Uwrrngogpvct{" Hkiwtg" U3+."
hqnnqygf"d{"ugswgpekpi"qh"vjg"cornkhkgf"RET"rtqfwev0"
Ycf54" rqkpv" owvcpvu" F5;C." H62C" cpf" T:4C" jcxg" tgfwegf" Ejn" cpf" ceewowncvg"
OiROG."vjg"uwduvtcvg"qh"vjg"OiROG/e{encug"
Vq"kpxguvkicvg"kh"cp{"qh"vjg"ycf54"rqkpv"owvcvkqpu"chhgev"Ejn"ceewowncvkqp"qt"rjqvqcwvqvtqrjke"
itqyvj." yg" cuegtvckpgf" vjg" egnnwnct" Ejn" ngxgnu" cpf" fqwdnkpi" vkogu" hqt" gcej" uvtckp" wpfgt"











Rtgxkqwun{."yg" tgrqtvgf" vjcv" c"Synechocystis" 〉ycf54 owvcpv"ycu" fkutwrvgf" cv" vjg" uvgr" qh" vjg"
OiROG/e{encug" kp" vjg" ejnqtqrj{nn" dkqu{pvjguku" rcvjyc{0" Vjku" hwnn{" ugitgicvgf" 〉ycf54" owvcpv"
ceewowncvgf" xgt{" jkij" ngxgnu" qh" OiROG." vjg" uwduvtcvg" qh" vjg" OiROG/e{encug." cpf" qpn{" vtceg"
coqwpvu"qh"Rejnkfg." vjg"rtqfwev"qh" vjg"OiROG/e{encug"*42+0"Vq"cuegtvckp" kh"cp{"qh" vjg"ycf54 rqkpv"
owvcpvu" gzjkdkvgf" ukoknct" rjgpqv{rgu." egnnwnct" rkiogpvu"ygtg"ogvjcpqn" gzvtcevgf" htqo"yjqng" egnnu"
cpf"cpcn{ugf"d{"JRNE"*Hkiwtg"6D+0"JRNE"cpcn{uku"qh"gzvtcevu"htqo"owvcpvu"F5;C."H62C"cpf"T:4C"
ujqygf" fkuvkpev" rgcmu" cv" 3807" cpf" 4;0:" okpwvgu." yjkej" ctg" cpcnqiqwu" vq" vjg" rgcmu" kp" vjg" 〉ycf54 
owvcpv" gzvtcev" *Hkiwtg"5D+0" "Vjg"638"po"cduqtdcpeg"oczkoc"qh" vjg"rgcm"cv"4:0;"okp" ku" eqpukuvgpv"
ykvj"vjg"qdugtxgf"cduqtdcpeg"oczkowo"qh"OiROG"*Hkiwtg"6E+"cpf"vjg"655"po"cduqtdcpeg"oczkoc"
qh" vjg" rgcm" cv" 3807" okp" ku" eqpukuvgpv" ykvj" 5/hqto{n/OiROG" *Hkiwtg" 6E+." yjkej" ycu" hqwpf" vq"
ceewowncvg"kp"vjg"Synechocystis"uvtckp"〉ycf54 *42+0"Kpvgtguvkpin{."vjg"JRNE"ejtqocvqitcou"qh"F5;C"
cpf" H62C" dqvj" eqpvckp" fgvgevcdng" ngxgnu" qh" Rejnkfg." dwv" vjku" rkiogpv" ycu" pqv" fgvgevgf" kp"
ejtqocvqitcou" qh" 〉ycf54" cpf" T:4C0" Vjku" uwiiguvu" vjcv" vjg" owvcpvu" ctg" dnqemgf" cv" vjg"OiROG/
e{encug" uvgr" ykvj" fkhhgtkpi" ugxgtkv{=" owvcpvu" F5;C" cpf" H62C" gzjkdkv" c" Ðngcm{Ñ" OiROG/e{encug"
rjgpqv{rg"cpf"owvcpvu"T:4C"cpf"〉ycf54"gzjkdkv"c"ugxgtg"OiROG/e{encug"rjgpqv{rg0"
Ycf54" owvcpvu" 〉ycf54." C;I" cpf" T:4C" chhgev" vjg" ceewowncvkqp" qh" OiROG/e{encug"
eqorqpgpvu"cpf"vjg"rjqvqu{uvgou"
Vq" kpxguvkicvg" kh" vjg" dnqemcig" cv" vjg" OiROG/e{encug" uvgr" ku" c" fktgev" tguwnv" qh" vjg" rqkpv"
owvcvkqpu" kp"ycf54 qt" ku"c" tguwnv"qh"c" tgfwevkqp" kp" vjg"mpqyp"OiROG/e{encug"eqorqpgpv"E{eK."yg"
rtqdgf"Yguvgtp"dnqvu"qh"vjg"yjqng"egnn"n{ucvgu"ykvj"cpvkdqfkgu"vq"[eh76"cpf"E{eK."cu"ygnn"cu"vjg"Ejn"
dkqu{pvjguku" gp¦{ogu" IWP6." EjnO." RQT." fkxkp{n" tgfwevcug" *FXT+" cpf" igtcp{nigtcp{n" tgfwevcug"












vjg" nqygtgf" E{eK" ngxgnu" kp" 〉ycf54" cpf" T:4C" eqwnf" ceeqwpv" hqt" itgcvn{" fkokpkujgf" ngxgnu" qh"
ejnqtqrj{nn"cpf"rjqvqu{uvgo"eqorngzgu"*Hkiwtgu"5C"("7+"ikxgp"vjg"korgfkogpv"qh"e{encug"cevkxkv{"
kp" vjg" H62C" cpf"F5;C" uvtckpu" vjcv" ceewowncvg" E{eK" cv" ngxgnu" eqorctcdng" vq"YV0" Vqigvjgt." vjgug"
qdugtxcvkqpu"uwiiguv"[eh76"jcu"c"fwcn"tqng."kvu"rtgugpeg"dgkpi"tgswktgf"hqt"dqvj"Rejnkfg"hqtocvkqp"cpf"
vjg"uvcdknkv{"qh"vjg"ecvcn{vke"e{encug"uwdwpkv"E{eK0"
Kp" qtfgt" vq" qdugtxg" vjg" ghhgevu" qh" nqygtgf" Ejn" qp" rjqvqu{uvgo" ceewowncvkqp." fgvgtigpv"
uqnwdknkugf"ogodtcpgu"htqo"YV"Synechocystis"cpf"gcej"qh"vjg"rqkpv"owvcpvu"ygtg"ugrctcvgf"d{"EP/
RCIG" *Hkiwtg" 7C+0" Rtgxkqwun{." ukipkhkecpvn{" nqygt" ngxgnu" qh" RUK" vtkogtu" cpf" RUKK" oqpqogtu" cpf"









vjg" ecvcn{vke" uwdwpkv" qh" vjg"OiROG/e{encug"E{eK." gcej" qh" vjg"Ejn" fghkekgpv" rqkpv"owvcpvu" *F5;C."
H62C"cpf"T:4C+"cpf"owvcpv"C;I"ygtg"5z"HNCI/vciigf" kp" vjg"〉ycf54"Synechocystis"dcemitqwpf0"
Rwnnfqyp"gzrgtkogpvu"ygtg"rgthqtogf"qp"htcevkqpcvgf"n{ucvgu"htqo"gcej"qh"vjgug"uvtckpu"cpf"Yguvgtp"




ngxgnu" gswkxcngpv" vq" YV" HNCI/[eh76." yjgtgcu" HNCI/[eh760C;I." nkmg" kvu" wpvciigf" eqwpvgtrctv"
*Hkiwtg"7C+."ceewowncvgu"cv"c"tgfwegf"ngxgn0"Vjgug"rwnnfqypu"ujqy"vjcv"cnoquv"pq"fgvgevcdng"E{eK"ku"
rtgugpv"kp"vjg"rwnnfqyp"gzrgtkogpvu"kp"yjkej"vjg"HNCI/vciigf"[eh76"owvcpvu"F5;C."H62C"qt"T:4C"
ygtg" wugf" cu" dckv0" Kpvgtguvkpin{." cnvjqwij" vjg" HNCI/[eh760C;I" rtqvgkp" ku" rtgugpv" kp" tgfwegf"
swcpvkvkgu." vjku"rtqvgkp"ycu" hqwpf" vq"rwnnfqyp"c"ukoknct"coqwpv"qh"E{eK"cu"YV"HNCI/[eh760"Vjku"












cvqou" qh" 20759"|0" Vjg" eqpugtxgf" uvtwevwtcn" jqoqnqi{" ku" hwtvjgt" jkijnkijvgf" kp"Hkiwtg" 9E." yjkej"
ujqyu" vjg" ugxgp" tgukfwgu" qh" kpvgtguv" ctg" nqecvgf" cv" jkijn{" eqpugtxgf" nqek" ykvjkp" vjg" ugeqpfct{"
uvtwevwtg0""
Cp"cffkvkqpcn" eqpugtxgf" uvtwevwtcn" hgcvwtg" ku" cp"gngevtqpgicvkxg" tkfig" vjcv" gzvgpfu"cetquu"qpg"
hceg"qh"vjg"rtqvgkp"*Uwrrngogpvct{"Hkiwtg"U5+0"Vjku"tkfig"ku"nqecvgf"qp"g4"qh"Synechocystis"[eh76."
yjgtg"vyq"qh"vjg"jkijn{"eqpugtxgf"tgukfwgu."G44"cpf"G48."eqpvtkdwvg"vq"kvu"pgicvkxg"ejctig0"Cnvjqwij"
kpfkxkfwcnn{"rqkpv"owvcvkpi" vjgug" tgukfwgu" vq"cncpkpg"{kgnfgf"pq"fkuegtpkdng"rjgpqv{rg." vjg" hcev" vjcv"









owvcvkqpu" kp" Synechocystis," et{uvcn" uvtwevwtgu" uqnxgf" d{" oqngewnct" tgrncegogpv" cickpuv" vjg" YV"
Synechocystis" [eh76" ygtg" qdvckpgf" hqt" vjgug" vyq" rtqvgkpu" vq" tguqnwvkqpu" qh" 307" |" cpf" 404" |"
tgurgevkxgn{0" Uwrgtrqukvkqp" qh" vjg" C;I" cpf" T:4C" oqfgnu" qp" YV" [eh76" tguwnvgf" kp" tgurgevkxg"
TOUFu" qh" 203;" |" cpf" 204:"|" qxgt" cnn" Eg" cvqou." ujqykpi" vjcv" vjgtg" ctg" pq" ukipkhkecpv" uvtwevwtcn"
cnvgtcvkqpu"dgvyggp"vjg"YV"cpf"owvcpv"uvtwevwtgu0"Vjwu."vjg"rjgpqv{rgu"qdugtxgf"kp"C;I"cpf"T:4C"
ctg" pqv" c" tguwnv" qh" vjg"owvcpv" rtqvgkpu" cfqrvkpi" c" fkhhgtgpv" eqphqtocvkqp" qt" hcknkpi" vq" hqnf0" Hwtvjgt"
cpcn{uku" qh" vjg" nqecn" uvtwevwtg" ctqwpf" vjg" C;I" owvcvkqp" ujqyu" vjgtg" ctg" pq" cnvgtcvkqpu" kp" vjg"
koogfkcvg" j{ftqigp" dqpfkpi" pgvyqtm" qt" uwthceg" gngevtquvcvkeu." kpfkecvkpi" vjcv" vjg" rjgpqv{rke"
eqpugswgpegu"qh"vjg"C;I"owvcvkqp"fq"pqv"tguwnv"htqo"cnvgtcvkqpu"kp"vjg"uvtwevwtg0"
Wrqp" enqugt" kpurgevkqp" qh" vjg" T:4C" uvtwevwtg." fkhhgtgpegu" ctg" qdugtxgf" kp" dqvj" vjg" nqecn"
j{ftqigp"dqpfkpi"pgvyqtm"cpf"uwthceg"gngevtquvcvkeu0"Kp"YV"[eh76."T:4"cfqrvu"vyq"engctn{"fghkpgf"
eqphqtocvkqpu" *Hkiwtg" :C" cpf" Uwrrngogpvct{" Hkiwtg" U6C+." dqvj" qh" yjkej" hqto" uvcdknkukpi"
j{ftqigp" dqpfu" ykvj" pgkijdqwtkpi" tgukfwgu0" Kp" qpg" eqphqtocvkqp" T:4" hqtou" c" ycvgt" ogfkcvgf"
j{ftqigp"dqpf"ykvj" vjg" ukfg"ejckp"qh"Y9:."cpf" kp" vjg"qvjgt"T:4"hqtou" vyq"fktgev"j{ftqigp"dqpfu"
ykvj"vjg"dcemdqpg"ectdqp{n"qh"H42"cpf"vjg"ukfg"ejckp"qh"G39"*Uwrrngogpvct{"Hkiwtg"U6C+0"Cnn"qh"
vjgug"kpvgtcevkqpu"ctg"nquv"kp"T:4C"*Uwrrngogpvct{"Hkiwtg"U6D+."yjkej"oc{"cnvgt"vjg"uvcdknkv{"qh"vjku"
tgikqp0"Gzcokpcvkqp"qh" vjg" uwthceg"gngevtquvcvkeu" ujqyu" vjg"dcug" uwduvkvwvkqp" vq"cncpkpg"ejcpigu" vjg"
uwthceg" gngevtquvcvkeu" htqo" rtgfqokpcpvn{" rqukvkxg" kp" YV" [eh76" *Hkiwtg" :D+" vq" rtgfqokpcpvn{"
pgicvkxg"kp"T:4C"*Hkiwtg":E+0"Kv"oc{"dg"vjcv"vjg"hngzkdknkv{"qh"T:4."cnqpi"ykvj"kvu"cuuqekcvgf"rqukvkxg"







uetggp" hqt"igpgu"yjqug"rctvkcn"fqyp/tgiwncvkqp" tguwnvgf" kp"c" uvtqpi"Ejn"fghkekgpe{" kp" vqdceeq" *39+0"
Cnvjqwij"mpqyp"vq"dg"cp"kpvgtcevkqp"rctvpgt"qh"vjg"CeuH"eqorqpgpv"qh"OiROG/e{encug." kv"ycu"pqv"
engct" htqo" vjgug" kpxguvkicvkqpu" yjgvjgt" [eh76" ycu" tgswktgf" hqt" ecvcn{vke" cevkxkv{" qh" vjg"OiROG/
e{encug."qt"kh"vjg"rtqvgkp"ycu"tgswktgf"vq"uvcdknkug"vjg"OiROG/e{encug"eqorngz0"Dkqejgokecn"uvwfkgu."
wukpi" htcevkqpcvgf" egnn" n{ucvgu." kfgpvkhkgf" vjg"OiROG/e{encug"cu" eqpukuvkpi"qh" c" uqnwdng" eqorqpgpv"
cpf"cv"ngcuv"vyq"ogodtcpg"eqorqpgpvu"*5."9.";."32."58/5:+."qh"yjkej"vjg"ncvvgt"ctg"nkmgn{"vq"dg"CeuH"
cpf"c"rtqvgkp"gpeqfgf"ykvjkp" vjg"o{uvgtkqwu"dctng{"viridis-k" nqewu"*;+0"[eh76" ku"c"ecpfkfcvg"hqt" vjg"
uqnwdng"rtqvgkp."ikxgp" kvu"jkij"uqnwdknkv{"yjgp"gzrtguugf"tgeqodkpcpvn{. Eqpxgtugn{." in vivo" uvwfkgu"
tgxgcn"vjku"rtqvgkp"ku"nqecnkugf"kp"dqvj"vjg"uqnwdng"cpf"ogodtcpg"htcevkqpu"qh"Synechocystis"egnn"n{ucvg"





in vivo0" Kpvtqfwevkqp"qh"dcug"uwduvkvwvkqp"owvcvkqpu" vjcv" tgrnceg"tgukfwgu"F5;."H62"cpf"T:4"ykvj"cp"













uwd/egnnwnct" nqecnkucvkqp" qh"[eh76" ujqygf" qpn{" c" uocnn"okpqtkv{" qh" vjku" rtqvgkp"ycu" nqecvgf" kp" vjg"
kpuqnwdng" ogodtcpg" htcevkqp" *42+0" Vjgtghqtg" kv" ku" tgcuqpcdng" vq" eqpenwfg" vjcv" cnvjqwij" C;I" qpn{"






C;I" eqwnf" dg" vjcv" vjg" in{ekpg" eqfqp" kpugtvgf" ku" c" tctg" eqfqp" kp" Synechocystis." tguwnvkpi" kp" nqygt"
ngxgnu" qh" C;I" [eh76" vtcpuncvkqp0" Vjg" uvtwevwtg" qh" [eh760T:4C." yjkej" jcu" korcktgf" ejnqtqrj{nn"





ku" tgswktgf" hqt"[eh76" vq" hqto" c" uvcdng" kpvgtcevkqp"ykvj"E{eK0"Qp" vjg"YV"[eh76" uvtwevwtg." tgukfwgu"
F5;C"cpf"H62C"ctg"pqv"rctvkewnctn{"uwthceg"gzrqugf."uq"yg"ctg"wpcdng"vq"urgewncvg"cu"vq"jqy"vjgug"
owvcvkqpu"tguwnv"kp"c"tgfwegf"kpvgtcevkqp"ykvj"E{eK0"
Htqo" vjku" yqtm." kv" crrgctu" [eh76" rnc{u" vyq" tqngu" kp" vjg" hwpevkqp" qh" vjg" OiROG/e{encug0"
Hktuvn{."vjg"ceewowncvkqp"qh"E{eK"ku"fgrgpfgpv"wrqp"vjg"rtgugpeg"qh"[eh76."yjkej"uwiiguvu"vjcv"[eh76"
oc{" rnc{" c" etkvkecn" tqng" kp" vjg" cuugodn{1uvcdknkv{" qh" vjg"Oi/e{encug" eqorngz" cpf" kvu" eqpuvkvwgpvu0"
Ugeqpfn{."[eh76"ku"tgswktgf"hqt"pqtocn"Rejnkfg"hqtocvkqp."kpfkecvkpi"vjcv"vjku"rtqvgkp"ku"tgswktgf"hqt"













EPJ" itcvghwnn{" cempqyngfigu" hkpcpekcn" uwrrqtv" htqo" vjg" Dkqvgejpqnqi{" cpf" Dkqnqikecn"
Uekgpegu"Tgugctej"Eqwpekn"*DDUTE"WM+."cyctf"pwodgtu"DD1I24376813"cpf"DD1O222487130"EPJ"
ycu" cnuq" uwrrqtvgf" d{" Cfxcpegf" Cyctf" 55::;7" htqo" vjg" Gwtqrgcp" Tgugctej" Eqwpekn0" UJ" ycu"















Hkiwtg" 30" Vjg" uvtwevwtgu" qh" vjg" uwduvtcvg." Oi/rtqvqrqtrj{tkp" KZ" oqpqogvj{n" guvgt" *C+="
rtqfwev." rtqvqejnqtqrj{nnkfg" *D+" cpf" rtqrqugf" tgcevkqp" kpvgtogfkcvgu" qh" vjg" qzkfcvkxg" e{encug"
tgcevkqp0" Kp" vjg" oqfgn" rtqrqugf" d{" Itcpkem" *65+." uwrrqtvgf" d{" vjg" qdugtxcvkqpu" qh" Yqpi" cpf"
Ecuvgnhtcpeq" *5:+." " vjg" eqpxgtukqp" qh" OiROG" vq" Rejnkfg" rtqeggfu" vjtqwij" vjtgg" ugswgpvkcn" vyq/
gngevtqp"qzkfcvkqpu."ugswgpvkcnn{"rcuukpi"vjtqwij"vjg"kpvgtogfkcvgu"Oi/rtqvqrqtrj{tkp"KZ"8/ogvj{n/
く/j{ftqz{rtqrkqpcvg"*E+"cpf"Oi/rtqvqrqtrj{tkp"KZ"8/ogvj{n/く/mgvqrtqrkqpcvg"*F+0""
Hkiwtg" 40" Cokpq" cekf" ugswgpeg" cnkipogpvu" *cnkipgf" wukpi" ENWUVCNY4" *66++" qh" rtqvgkpu"
rtgfkevgf" vq" eqpvckp" vjg"[eh76"fqockp0"Ugswgpegu"ygtg"qdvckpgf"htqo="rtkoqtfkcn"e{cpqdcevgtkwo."
Inqgqdcevgt"xkqnqegtwu="e{cpqdcevgtkc."U{pgejqe{uvku"ur"REE8:25."U{pgejqeqeewu"ur"YJ7923"cpf"
LC/4/5D."Rtqejnqtqeqeewu"octkpwu"OKV;42"cpf"Vjgtoqu{pgejqeqeewu"gnqpicvgu="itggp"rncpvu."Vitis 
vinifera." Arabidopsis" thaliana." Oryza sativa" cpf" Zea mays=" tgf" cnicg" Cyanidium caldarium."





ycu" ecnewncvgf" htqo"QF750" tgcfkpiu" vcmgp" gxgt{" 34" jqwtu" hqt" c" vqvcn" qh" 32:" jqwtu0" R" xcnwgu"ygtg"
ecnewncvgf"kp"ItcrjRcf"Rtkuo"xgtukqp"8022"wukpi"c"qpg/yc{"CPQXC"hqnnqygf"d{"FwppgvvÓu"ownvkrng"
eqorctkuqpu"vguv."*,,,,."R"ø"202223+0"
Hkiwtg" 60"Cduqtdcpeg" urgevtc" cpf"JRNE" cpcn{ugu" qh" rkiogpvu" gzvtcevgf" htqo" ycf54" owvcpv"
uvtckpu0"*C+"Yjqng"egnn"cduqtdcpeg"urgevtc"tgeqtfgf"hqt"ucorngu"pqtocnkugf"vq"nkijv"uecvvgtkpi"cv"972"
po0" *D+"JRNE" cpcn{ugu" qh"ogvjcpqn" gzvtcevgf" rkiogpvu" htqo"yknf" v{rg" cpf" {eh76"owvcpvu" itqyp"
wpfgt"rjqvqokzqvtqrjke" eqpfkvkqpu"cpf"pqtocnkugf" hqt" cduqtdcpeg"cv"QF9720"Vjg" tgvgpvkqp" vkogu"qh"




Hkiwtg" 70"Ceewowncvkqp" qh" Ejn" dkqu{pvjguku" gp¦{ogu" cpf" rjqvqu{uvgo" eqorngzgu" kp" ycf54 
owvcpv uvtckpu0"*C+"Yjqng"egnn"n{ucvgu"rtgrctgf"htqo"gcej"qh"vjg"ycf54"owvcpv"uvtckpu"eqpvckpkpi"gswcn"
swcpvkvkgu"qh"rtqvgkp"ygtg"ugrctcvgf"d{"UFU/RCIG"cpf"vtcpuhgttgf"vq"c"pkvtqegnnwnqug"ogodtcpg0"Vjg"








rwtkhkgf" htqo" vjg" fqfge{n/く/ocnvqukfg" uqnwdknkugf" ogodtcpg" htcevkqpu" htqo" U{pgejqe{uvku" uvtckpu."
HNCI/[eh76."HNCI/[eh760C;I."HNCI/[eh760F5;C."HNCI/[eh760H62C"cpf"HNCI/[eh760T:4C0"
Gnwvgf" rtqvgkpu" htqo" vjg" HNCI/rwnnfqyp" cuuc{u"ygtg" tguqnxgf" d{" UFU/RCIG" cpf" vtcpuhgttgf" d{"





*dnwg+."Nostoc" *itggp+"cpf"Thermosynechococcus elongatus" *rkpm+0" *E+"Cnkipogpv"qh"Eg"dcemdqpg."
ujqykpi"vjg"nqecvkqp"qh"vjg"ugxgp"jkijn{"eqpugtxgf"tgukfwgu"ku"eqpugtxgf"dgvyggp"urgekgu0""
Hkiwtg" :0" [eh76" owvcpv" T:4C" jcu" cnvgtgf" uwthceg" ejctig0" *C+" Ugeqpfct{" uvtwevwtg"
uwrgtrqukvkqp"qh"vjg"yknf"v{rg"*dnwg+"cpf"T:4C"owvcpv"*{gnnqy+"[eh76"rtqvgkpu0"Kpfkecvgf"d{"vjg"dqz"
ku"vjg"T:4C"tgukfwg."yjkej"jcu"c"fwcn"eqphqtocvkqp"kp"vjg"yknf"v{rg"uvtwevwtg0"C"eqorctkuqp"qh"vjg"
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